Case Report
9-year-old boy was referred to the pediatric department of the Hamadan University of Medical Sciences (Hamadan, Iran) about 1 hour after falling at school, with an avulsed tooth (number 21). The avulsed tooth had been stored in a container carrying tap water. The patient did not show any signs or symptoms of head injury, and his medical history was unremarkable.
Extra-oral examination demonstrated no swelling or pain. Intra-oral examination showed mixed dentition with satisfactory oral hygiene. Left central was avulsed, and a blood clot was found in the alveolar socket. Examination of the tooth socket did not show any fracture of the bony wall or tooth segment. The avulsed tooth had an open apex. Treatment plan and long-term prognosis were discussed with the parents, and a signed written informed consent form was obtained from them for the treatment. The root surface and the socket were rinsed with normal saline. The tooth was carefully placed into the alveolar socket with finger pressure. Then splinting was done with 0.024-inch stainless steel round wire and composite.
A periapical radiograph was taken to confirm the correctness of the tooth repositioning in the socket ( Figure  1 ). Systemic Amoxicillin 250 mg and 0.2% chlorhexidine mouth rinse were prescribed for one week. The splint was removed after two weeks. The patient was recalled for follow-up examination one week after splint removal. The patient was asymptomatic, and periapical radiograph demonstrated normal periapical tissues ( Figure 2 ). The next patient follow-up examination was planned 6 weeks after the initial visit. At this appointment, the tooth number 21 was found to be tender on percussion. Cold test gave a negative response, suggesting pulp necrosis. An intra-oral periapical radiograph revealed advanced external root resorption in the maxillary left central incisor ( Figure 3 ). Access opening was prepared without local anesthesia, and canal debridement was undertaken. After chemo-mechanical debridement, calcium hydroxide paste was placed in the root canal, and the coronal sealing of access opening was done with reinforced zinc oxide eugenol cement.
The calcium hydroxide paste was replaced three times during a year because the resorption process was not arrested (Figure 4) . Unfortunately, the patient failed to present as scheduled for follow-up appointment during the second year after the initial visit. After two years, the patient came back to the clinic. The tooth coronal seal was compromised. An intra-oral periapical radiograph was taken ( Figure 5 ). According to the consultation with the endodontic department of Hamadan University of Medical Sciences (Hamadan, Iran), the tooth 21 was hopeless due to extensive root resorption and possible root perforation. However, with the parents' consent, the calcium hydroxide paste was removed and the canal was filled with Triple Antibiotic Paste (TAP) containing metronidazole, ciprofloxacin, and minocycline. The paste was changed monthly for a period of 3 months. After 3 months, the paste was changed for the last time, and it was then allowed to remain in the tooth. The chamber was sealed with resin-modified glass ionomer cement ( Figure 6 ). Follow-up radiograph after 5 years revealed that the external root resorption had been arrested and replacement resorption was observed ( Figure 7 ). In this case, the treatment options before placement of an implant include tooth extraction and space maintenance or preserving the tooth as a space maintainer.
Discussion
Tooth avulsion most often occurs in the anterior region of the maxilla, compromising a patient's esthetic, Mojarad mechanical and biological functions. The success of its treatment is dependent on several factors including the intensity of the trauma, periodontal ligament vitality, storage media used in the extra-alveolar period, time elapsed between the trauma and replantation, maintenance of pulp vitality, and tooth and alveolus preparation for replantation and endodontic treatment [1, 2] . Ideally, the avulsed tooth should be replanted immediately; if it is not possible, the extra-oral dry time must be minimized by placing the tooth in an appropriate medium before replantation [3] .
Suitable media, in order of preference, are Hank's pH balanced salt solution, Via Span, cold fresh milk, saliva, and physiologic saline [4, 5] . Although tap water is not recommended, it can be used if any of the mentioned storage mediums are not available [6] . In cases of extra-oral dry time of greater than 1 hour, the periodontal ligament is not expected to survive [5] . Pre-treatment of such a tooth with sodium fluoride prior to its replantation will render it more resistant to resorption [7] .
In closed apex teeth, prophylactic endodontic therapy should be undertaken within 7-10 days after replantation [8] . However, for teeth with wide open apex, careful observation is recommended as there is a chance for revascularization. If any signs of necrosis such as root resorption are diagnosed, root canal therapy should be per- formed [9] . In the present case, the avulsed left central had an open apex and was kept in tap water for about 1 hour. It is recommended to soak teeth with open apex in Doxycycline 0.005% for 5 minutes before replantation. It was indicated that revascularization of pulp was significantly enhanced in 40% to 60% of the treated patients [10] . However, due to the unavailability of Doxycycline at the emergency visit, the avulsed tooth was only rinsed with normal saline as usual before replantation.
The tooth was splinted for 2 weeks using acid-etch composite resin and 0.024-inch stainless steel round wire. A semi-rigid splint is the recommended type of splint in avulsion injuries because it allows physiological movement of the tooth during healing and results in decreased incidence of ankylosis [5, 11] . Systemic antibiotics in the form of Amoxicillin 250 mg was prescribed after replantation, but their role in preventing root resorption needs to be elucidated [1] . Pulp necrosis and root resorption are the most common complications resulting from avulsion [6, 9] . The necrotic pulp tissue is susceptible to bacterial contamination. Inflammatory root resorption is directly associated with the periodontium damage at the time of injury and the presence of bacteria within root canal system and dentinal tubules [12] . The denuded root surface resulting from the destruction of the precementum layer and necrosis of cementoblasts allows bacterial toxins inside the root canal system to be transmitted to the periodontium and stimulates an inflammatory response in the periodontal ligament [12] [13] [14] .
This process can occur rapidly in young patients whose dentinal tubules are wide and allow the irritants to move freely to the external root surface [14] . In the present case, the avulsed tooth was stored in tap water for about an hour, which is a non-physiological storage medium and can preserve periodontal cells viability for 20 minutes [15] . It seems that prolonged tooth storage in tap water led to necrosis of some parts of periodontal ligament, which in turn resulted in denuded root surface being chemotactic to hard tissue resorbing cells. As the avulsed tooth had an open apex at the time of injury and there was a chance of revascularization, endodontic treatment was delayed. However, pulp necrosis occurred.
The combination of prolonged tooth storage in nonphysiological medium, presence of infected and necrotic pulp tissue and patient's young age resulted in rapidly progressive external root resorption 6 weeks after the initial visit. Endodontic therapy to remove the necrotic tissue and long-term calcium hydroxide treatment were planned. Calcium hydroxide is one of the most effective materials for the treatment of external root resorption, and success rates of up to 97% have been reported using this material [4] . There is not a definitive recommendation for the amount of time the calcium hydroxide paste should remain in the canal [16] . Patient cooperation in a long-term calcium hydroxide treatment regimen is a critical factor. With the lack of patient cooperation, a root canal may eventually become infected resulting in possibly tooth loss [17] .
In our case, calcium hydroxide was replaced 3 times during the first year after injury because the resorption process was not arrested. The patient failed to present as scheduled for follow-up appointment during the second year after the initial visit. After two years, when the patient came back to the clinic, the tooth coronal seal was compromised. According to the endodontic consultation, the tooth was hopeless at this time. The treatment objective was to retain the avulsed tooth as long as possible to maintain esthetic appearance and occlusal function. In recent years, a new concept has been developed that employs the use of a combination of anti-bacterial drugs (metronidazole, ciprofloxacin, and minocycline) for disinfection of pulpal and periradicular lesions. It has been reported that this mixture can sterilize root dentine [18, 19] . Research with topical antibiotics has shown that this antibiotic combination is effective in killing common endodontic pathogens from necrotic/infected root canals in vitro and in vivo. Moreover, TAP has been used successfully in regenerative endodontic treatments and healing of large periradicular lesions [20] [21] [22] . Table 1 shows case reports of successful healing of periradicular region after TAP intracanal medication. In Figure 7 . 5-year follow-up radiograph the present case, calcium hydroxide was used, but after two years of clinical and radiographic follow-up, the root resorption was not arrested. The treatment protocol was changed, and TAP was applied to sterilize the root canal system and control inflammatory root resorption. The paste was replaced every month for a period of 3 months. After 3 months, the paste was changed for the last time and it was then allowed to remain in the tooth. The chamber was sealed with resin-modified glass ionomer cement. After its application, the root resorption was arrested. Replacement resorption can occur when inflammatory resorption has been arrested by endodontic treatment. Young patients are more susceptible to replacement resorption due to their high turn-over rate of bone forming cells [8] . After 5 years of clinical and radiographic follow-up, it was observed that inflammatory root resorption had been arrested and replacement resorption took over the resorbed area. Although it is anticipated that the tooth will be lost ultimately by gradual root surface resorption followed by replacement with bone, but it is worth an effort to try maintain the tooth as long as possible for esthetic, functional and psychological rehabilitation of the patients [8] . Several alternative treatments are suggested in the literature including keeping the ankylosed tooth or root, extraction and orthodontic space closure, autotransplantation, implants and other prosthetic treatments. In the present case, the TAP is still in canal and the pulp chamber is sealed with resin-modified glass ionomer. Clinical and radiographical evaluations are still being continued. At 5-year follow- 
Conclusion
Root resorption is common in avulsed replanted teeth. In the present case, as calcium hydroxide failed to arrest the resorption process, TAP was used as an alternative that was successful. Although replacement resorption took over the resorbed area, the tooth is still in a stable and functional situation after 5 years of follow-up.
